► We predict native fish richness using physical habitat and water quality variables. ► ANN model contributes to identify the primary drivers of the native fish richness. ► Increasing channel length without barriers and riffle imply a rise in fish richness. The richness of native fish is considered to be an indicator of aquatic ecosystem health, and improving richness is a key goal in the management of river ecosystems. An artificial neural network (ANN) model based on field data from 90 sample sites distributed throughout the Júcar River Basin District was developed to predict the native fish species richness (NFSR). The Levenberg-Marquardt learning algorithm was used for model training. When constructing the model, we tried different numbers of neurons (hidden layers), compared different transfer functions, and tried different k values (from 3 to 10) in the k-fold cross-validation method. This process and the final selection of key variables with relevant ecological meaning support the reliability and robustness of the final ANN model. The partial derivatives method was applied to determine the relative importance of input environmental variables. The final ANN model combined variables describing riparian quality, water quality, and physical habitat and helped identify the primary drivers of the NFSR patterns in Mediterranean rivers. In the second part of the study, the model was used to evaluate the effectiveness of two restoration actions in the Júcar River: the removal of two abandoned weirs and the progressive increase in the proportion of riffles. The model indicated that the combination of these actions produced a rise in NFSR, which ultimately reached the maximum values observed in the reference site of that river ecotype (sensu the European Water Framework Directive). The results demonstrate the importance of longitudinal connectivity and riffle proportion for improving NFSR and the power of ANNs to help decisions in the management and ecological restoration of Mediterranean rivers. Furthermore, this model at the basin scale is the first step for further research on the effects of water scarcity and global change on Mediterranean fish communities.
Introduction
In 2000, the European Water Framework Directive (hereafter WFD) acknowledged the importance of freshwater fish communities as indicators that can be used to assess the ecological status of rivers (European Commission, 2000) . Freshwater fish are considered to be good indicators of water quality in river systems (Angermeier and Davideanu, 2004; Karr, 1981) due their sensitivity to human disturbances, which alter community parameters such as the abundance of native species and species richness (Laws, 2000; Oberdoff et al., 1995; Rosenberg and Resh, 1993) . Species richness is a primary indicator used in the conservation and management of fish communities; it can be used as an indicator of ecological changes and as a criterion for the selection of conservation areas (He et al., 2010; Lek et al., 2005; van Jaarsveld et al., 1998) .
From the perspective of species conservation, the Mediterranean part of Europe has been recognised as a global biodiversity hotspot for freshwater fish species and for plant and terrestrial animal species (Cuttelod et al., 2008) . However, an ongoing extinction crisis is affecting Europe's freshwater fishes, and ambitious conservation actions, including the adequate protection and management of key freshwater habitats, are urgently needed (Freyhof and Brooks, 2011) . The increased frequency and intensity of droughts are already impacting freshwater systems and the species that rely on them, especially in the Mediterranean region (Freyhof and Brooks, 2011) . Conservation of fish diversity is one of the most critical issues facing the preservation of European biodiversity (Zitek et al., 2008) . Therefore, implementation of effective river restoration schemes is very important, and knowledge about the relationships between hydromorphological features and fish populations is essential for the design of effective actions.
In the last decade, predictive modelling of species distribution has become a powerful tool to support decisions in conservation and natural resource management (Drew et al., 2011; Jopp et al., 2011) . Several studies have used conventional multivariate statistical methods to determine the effect of human disturbance on native species richness. For example, in the Iberian Peninsula, Corbacho and Sánchez (2001) analysed the factors affecting the native species richness in the Guadiana Basin (Spain) using principal component analysis and multiple regression analysis. Clavero et al. (2004) studied the effect of dams and introduced species on fish biodiversity in Iberian basins using generalised linear models. In relation to habitat connectivity, Alexandre and Almeida (2010) evaluated the effect of small artificial barriers on fish richness in the Muge and Erra Rivers using canonical correlation analysis and analysis of covariance.
Simultaneously, the development of advanced techniques in the machine learning area has allowed the creation of predictive models with greater power for explaining and predicting ecological patterns (Olden et al., 2008) ; such models have the ability to model complex, nonlinear relationships in ecological data without having to satisfy the restrictive assumptions required by conventional, parametric approaches (Elith et al., 2006; Olden and Jackson, 2002a; Recknagel, 2003) . Examples of Machine Learning techniques are artificial neural networks (ANNs), random forests (RFs), genetic algorithms and support vector machines. ANNs have been used frequently and successfully in freshwater fish studies, giving satisfactory results in regards to learning capacity, adaptation, parallelization, speed, and flexibility (Soria et al., 2010) and showing high efficiency in linking environmental variables, which are highly complex and nonlinear .
However, only a few studies have used Machine Learning techniques to predict native fish species richness (NFSR). For example, Mastrorillo et al. (1998) found that the ANN is a powerful tool of prediction compared to traditional modelling methods. He et al. (2010) used RF and Classification and Regression Trees (CART) to predict endemic fish assemblages and species richness in the upper Yangtze River (China). Knudby et al. (2010) predicted fish species richness, diversity, and biomass in the reefs around the Chumbe and Bawe Islands (Tanzania) using different techniques (e.g., RFs, boosted regression trees, and support vector machines). Recently, Cheng et al. (2012) used RF and CART to predict species richness in lakes in the Yangtze River Basin.
These techniques also can be used to develop ecological response models. For example, studies at the fluvial network or basin scale that relate the biota with environmental variables allow the development of ecological response models with potential application in environmental flow assessments at the basin scale. These models can be applied to different environmental flow methodologies (see Paredes-Arquiola et al., in press; Poff et al., 2010) , assuming that there is an economical way to up-scale instream flow studies in regions where there is a shortage of ecological species information (Paredes-Arquiola et al., in press). Ecological response models can be used to complement and compare results from reach-scale assessments when it is necessary to extrapolate at the basin scale according to river types.
Understanding the relationships among hydrology, habitats, and fish populations is key to designing effective river restoration actions. In this work we used variables related to the physicochemical properties of water, hydromorphology (river flow, habitats), geographic location, and biological indexes of water and riparian quality to model the NFSR using an ANN and to simulate restoration actions in the main stem of the Júcar, Cabriel, and Turia Rivers. The objectives of this study were to: (1) model the relationship between a set of environmental variables (associated with different scales and ecosystem components) and the NFSR using the ANN; (2) assess the importance of the most relevant environmental variables for the NFSR; and (3) evaluate the potential effectiveness of a river restoration action (i.e., improving river connectivity) to improve NFSR in the Júcar River. The ANN model at the basin scale developed in this study is the first step in developing more complex simulations at smaller time scales (e.g., using daily flow data) and in assessing the effects of water scarcity and global change on Mediterranean fish communities.
Materials and methods

Study area and data collection
The study area consists of the main stem of the Júcar, Cabriel, and Turia Rivers (Fig. 1) , in the Júcar River Basin District (Eastern Iberian Peninsula). The three watersheds have a Mediterranean climate, and their environmental characteristics show a similar pattern of variability. The coldest and rainy areas are located in the mountainous zones, and the most temperate areas are situated near the coast (Estrela et al., 2004) . In Spain, the Ministry of Environment developed an official ecotype classification to implement the WFD (CEDEX, 2005) . The upper reaches of the rivers have a small percentage of flow regulation (in relation to mean flow), and they belong to the Mediterranean calcareous mountain rivers (CMM) ecotype. The large dams produce significant regulation downstream (Alarcón, Contreras, Benagéber, see Fig. 1 ). Downstream of the Alarcón and Contreras Dams lays segments of the mineralized Mediterranean-continental rivers (MCM) ecotype. The sampling sites located in the lowest reaches in the Turia River belong to the mineralized rivers of Mediterranean low mountain (ML) and low-altitude Mediterranean rivers (MML) ecotypes. In general, the flow regimes match the rain pattern and exhibit strong seasonal and annual variability. Consequently, severe droughts occur in summer and flash floods occur in winter and spring (Belmar et al., 2010; Gasith and Resh, 1999; Vidal-Abarca et al., 1992) . The predominant lithographic groups are calcarenites and marls, although significant proportions of limestone and alluvial material are present. The forests cover a great percentage of the western mountainous areas, but the watersheds are highly anthropic in the eastern area (CHJ, 2007) .
The ecological importance of the fish communities in these rivers resides in their adaptation to Mediterranean conditions and to the number of endemic and endangered species. The communities are dominated by cyprinids (Ferreira et al., 2007) and are characterised by a high number of endemic species, which have a reduced distribution range compared with other fish species elsewhere in Europe (Doadrio, 2001; Granado-Lorencio, 1996) . However, information about habitat suitability for the fish communities is scarce, likely because of the low commercial fishing value of these species. In the reference sites for the assessment of ecological status (sensu the WFD), the highest NFSR values were as follows: In the reference site of the CMM ecotype in the Júcar River (NFSR = 5), the species present are Salmo trutta fario, Luciobarbus guiraonis, Achondrostoma arcasii, Iberocypris alburnoides, and Cobitis paludica. The reference site of the same ecotype in the Cabriel River (NFSR = 5) includes S. trutta fario, Squalius pyrenaicus, L. guiraonis, A. arcasii, and Parachondrostoma arrigonis (Júcar nase). In this location, the last is a very important species that is critically endangered (Freyhof and Brooks, 2011) , and the only sustainable populations of the Júcar nase live in the Cabriel River and the Magro River (i.e., tributaries of the Júcar River) (Costa et al., 2011) . The Cabriel River is the only river where habitat suitability studies for the Júcar nase could be conducted (Costa et al., 2011) , and biological and ecological data about this species are scarce. In the same ecotype in the river Turia, the maximum NFSR is 3, and the species present are L. guiraonis, Barbus haasi, and Parachondrostoma turiense. The reference site of the MCM ecotype is located in the Cabriel River near Puente Tamayo (NFSR = 5), where the native fish species are L. guiraonis, Salaria fluviatilis, S. pyrenaicus, Anguilla anguilla, and P. arrigonis (the last two are critically endangered). Regarding the other ecotypes in the Turia River, the maximum NFSR is 4. In the ML ecotype, the species are S. trutta fario, L. guiraonis, Squalius valentinus, and C. paludica; in some reaches S. trutta fario is substituted by P. turiense or A. anguilla. In the same river but in the MML ecotype, L. guiraonis, S. valentinus, P. turiense, and A. anguilla are present.
Response variable and predictor variables
In this study we used 90 fish sampling sites distributed along the three rivers (Fig. 1 ). Fish were captured by electrofishing (single-pass) that covered more than 50 m of river length. Sampling was conducted in the spring and summer months from 2005 to 2009. Each individual fish was identified to species.
Twenty-four environmental variables were used in the development of the ANN models (Table 1 ). In agreement with other investigations (Granado-Lorencio, 1996; Ibarra et al., 2003; Jackson et al., 2001; Lek et al., 1996; Mastrorillo et al., 1998) , they were chosen according to their degree of importance for fish life and according to their availability in public databases. The environmental variables correspond to three groups: physicochemical parameters of water quality, hydromorphology, and biological indicators of water and riparian quality. We took into account different spatial scales, from mesohabitat measurements to larger scales such as the fluvial segment and the segment watershed (the latter was measured using a geographic information system (GIS)) ( Table 1) . As some studies have indicated, models based on multiple spatial scales usually outperform single-scale analyses (Olden et al., 2006) .
Water quality is widely recognised as a key factor affecting fish species distribution, as water pollution severely alters fluvial dynamics and compromises the survival of fish fauna (Granado-Lorencio, 2000; Jackson et al., 2001) . For this reason, physicochemical water variables and biological indicators of water and riparian quality were used in this study. The mesohabitats or hydromorphological units determine the available habitat for fish communities at the meso-and microhabitat-scale; thus, mesoscale variables are important for fish (Bernardo et al., 2003; Costa et al., 2011) . The magnitude and variability of river discharge determine the lifecycle traits of Mediterranean fish fauna (Ferreira et al., 2007; Granado-Lorencio, 2000) . Other geographic variables, such as watershed area, distance from the headwater source, and altitude, affect fish species richness distribution patterns (Leprieur et al., 2009; Oberdorff et al., 1995; Reyjol et al., 2007) . In this study, channel length without artificial barriers was taken into account because transverse hydraulic structures fragment fluvial continuity: act as barriers to reproductive fish migration, inhibit colonisation of empty reaches, and favour the development of lentic habitats, which are suitable for exotic species (Granado-Lorencio, 2000) . Riverine vegetation plays an active role in the preservation of aquatic life (Naiman et al., 1993; Patten, 1998) , as it provides refuge and food and constitutes a biological buffer, which decreases the input of pollutants from alluvial and colluvial soils. Moreover, riverine vegetation controls the flood regime and water channel temperature (Hattermann et al., 2006; Quinn et al., 2004) .
The physical and chemical properties of water were averaged for the year when fish were sampled at each of the 90 sampling points, using data recorded every 3 months as part of the official monitoring network of the Júcar River Basin Authority. The same authority provided the daily flow data from gauging stations. The mean monthly flows were estimated at each of the sampling points where there was no gauging station; the flow rate was interpolated between gauged sites using the relationship between the flow rate in the natural regime and the drainage area accumulated at the point (Caissie, 2006; Caissie and El-Jabi, 1995; Leopold and Maddock, 1953; Leopold et al., 1964) . The mean annual flow in natural conditions was obtained by applying the water balance equation and the principle of mass conservation (Wurbs, 2006) . The mean width of the water surface and the proportions of hydromorphological units were determined in the field based on the classification by Dolloff et al. (1993) and adapted to these Mediterranean rivers as pool, glide, riffle, run, and rapid. The same classification was applied in previous studies of Iberian rivers (Alcaraz-Hernández, 2011; Costa et al., 2011) . The geographical variables were determined using the ArcGIS™ 9.3.1 software (ESRI ©2009), based on the layers of the official river network supplied by the Júcar River Basin Authority. We used two biological indicators: the index of water quality based on aquatic invertebrates (IBMWP), (Alba-Tercedor and Sánchez-Ortega, 1988 ) and the index of riparian quality (Munné et al., 2003) . The second indicator considers four components: total riparian vegetation cover, cover structure, cover quality, and channel alterations. The IBMWP was obtained from field data (biomonitoring network) collected by the Júcar River Basin Authority. The riparian forest quality index (QBR) was determined in a basin-scale study funded by the same authority (Aguilella et al., 2005) .
Artificial neural networks modelling
ANNs are mathematical models that are inspired by the structure and function of biological nervous systems (Olden et al., 2008) . In this study we built a multilayer perceptron neural network (MLP), as they are very frequently used for supervised learning and are the most used networks in ecology (Özesmi et al., 2006) . The learning procedure for this kind of neural network involves optimization of the mean squared error for a dataset of the output variable based on a set of predictive environmental variables. At each iteration, the weights or parameters are changed in order to find a minimum mean squared error. A detailed description of the MLP can be found in Dedecker et al. (2005) , Goethals et al. (2007) , Olden et al. (2008) and Mouton et al. (2010) .
The first step in the model construction was the calculation of a correlation matrix to estimate the potential effect of collinearity and we used a cluster representation to visualise collinearity (Fig. 3 ). When two variables were highly correlated (Spearman's rho 2 > 0.5)
we used the one with higher ecological interpretability (Brosse et al., 1999; Dormann, 2011; van Wijk and Bouten, 1999) . We then used the forward stepwise method to incorporate predictive variables into the network . Many candidate MLP models were built to assess the optimal number of neurons in the hidden layer and the proper transfer function for the hidden and output layers. An important issue in ANN architecture is the selection of the transfer functions. Frequently, the neurons of a layer share the same kind of transfer function and the most used functions are the sigmoidal ones (Goethals et al., 2007) . However, the advantage of selecting a particular transfer function has not been demonstrated mathematically yet (Hassoun, 1995) . Currently, the criterion for selecting a transfer function is the better performance of the model, as tested by trial and error (Isa et al., 2010) . Therefore, we tried two combinations of transfer functions in the hidden and output layers (hidden/output): (1) hyperbolic tangent/lineal and (2) logistic/ logistic. Data were scaled to ensure that predictive variables get equal attention during the training process (Maier and Dandy, 2000) and to commensurate their values with the limits (hyperbolic tangent [− 1,+1] or logistic [0,+1]) of the transfer function used (Olden and Jackson, 2002b) . The models were built with a single hidden layer; this is satisfactory for statistical applications (Bishop, 1996) and it notoriously decreases the computation time. Commonly, the use of one hidden layer yields similar results to the use multiple hidden layers (Kurková, 1992) . The Levenberg-Marquardt algorithm was used to train the neural networks; this is the fastest procedure to train neural networks of moderate size (Karul et al., 2000) and it was recommended in previous studies (Gutiérrez-Estrada and Bilton, 2010; Tan and Van Cauwenberghe, 1999) . To evaluate the predictive performance in the validation we used the method of k-fold cross-validation. This method is frequently used in ecology when the number of observations is not sufficient to divide the data into training and validation sets (Olden et al., 2008) . Goethals et al. (2007) suggested that it is necessary to test several values of k between 3 and 10. In this work, k was empirically determined by comparison of performance among the networks constructed with a range of k values between 3 and 10. A detailed description of this algorithm can be found in Shepherd (1997) . Model performance was measured by the correlation coefficient (r) and the mean squared error (MSE).
A sensitivity analysis was performed to evaluate the contribution of each predictive variable to the ANN output. For this purpose the partial derivatives method (PaD) was applied (Dimopoulos et al., 1995 (Dimopoulos et al., , 1999 . This method estimates the relative importance of each input variable to the prediction of NFSR in the model; a variable was considered relevant when its importance value was higher than 15% (Brosse et al., 2003) .
Simulation of mitigation measures
The ANN model with optimal performance was used to simulate the effect of restoration measures by introducing changes in the key predictive variables. Longitudinal fluvial connectivity and riffles are highly relevant to Iberian endemic cyprinid fishes (Granado-Lorencio, 1996; Ilhéu et al., 1999) , and mitigation measures related to these factors were simulated by changing the values of the following two variables: riffle proportion to river length (RIF) and channel length without artificial barriers (CWB). The removal of weirs is a commonly used method for river enhancement in Europe (Kroes et al., 2006) ; the lack of connectivity in terms of water, sediment, and fauna has important ecological consequences because the hydromorphological and biological conditions of the ecosystem are directly or indirectly affected (Cowx and Welcomme, 1998) .
In the first step of the simulation, we analysed the effect of increasing CWB on NFSR. The simulation was implemented in the river segment between the Manchega and Torcío weirs, downstream of Alarcón dam (Fig. 2) ; there we simulated the removal of three small disused weirs: Carrasco, La Marmota, and Los Pontones. Weir removal generates changes in the proportion of hydromorphological units, but there was no hydraulic model available to predict such changes in this segment. Therefore, in the second step of the simulation we analysed the sensitivity of NFSR to an increase in riffle proportion (10, 20, 30, 40 , and 50%) with respect to the observed values in the target river segment (Fig. 2) , where there is only one native species. This segment belongs to the MCM ecotype. The Puente de Tamayo site (Cabriel River, species richness = 5) was the reference site of this fluvial ecotype (CEDEX, 2005) that we used to compare the richness in the target river segment. This is the only reference site of this ecotype in the Júcar River.
Results
The variables DHS, WAT, ALT, and DRA have a strong correlation (Fig. 3) . Following the literature, DRA has the highest ecological interpretability for fish richness (Filipe et al., 2010; Matthews and Robison, 1998; Oberdorff et al., 1995) ; consequently we remove the first three variables as potential predictive variables. Since CON and FCV are highly correlated, we excluded the variable CON as a potential predictive variable. According to Fig. 3 , FIA and FMA are highly correlated, but we preserve both of them because they are important for Mediterranean fish life (Granado-Lorencio, 2000; Hermoso and Clavero, 2011) .
The cross-correlation analysis and the forward stepwise method allowed us to determine the key variables for predicting the NFSR. These were the QBR, RIF, CWB, drainage area (DRA), coefficient of variation of mean monthly flows (FIM), mean annual flow rate (FMA), and the IBMWP index. With these variables the ANN model was built and developed.
The architecture of the best ANN model (i.e. best performance) for NFSR consisted of three layers (7-6-1): one input layer with seven nodes (seven environmental variables); one hidden layer with six nodes; and the output layer with one output node (Fig. 4) . The use of the hyperbolic tangent as the transfer function in the hidden layer and linear transformation in the output layer improved the ANN performance compared with the model using the logistic function in both layers. Therefore, both the hyperbolic tangent and linear transformation functions were used to construct the final ANN. Among the different trials of k-fold cross-validations, only those with k values smaller than 6 improved the network performance. Consequently, the k-6 was used to construct and validate the ANN.
The r value of the ANN model in the training procedure was 0.90 (P b 0.05), and it was 0.81 in the validation procedure (P b 0.05). The MSE values for training and validation were 0.35 and 0.62, respectively. The r and the MSE showed a good fit of the values estimated by the model to the observed data. Fig. 5 shows the relationship between the observed values and those estimated by the model. The partial derivatives method established that the variables that contributed most to the model were IBMWP, RIF, and FMA, with a relative importance of 20.72%, 20.18%, and 16.44%, respectively (Fig. 6 ). This is consistent with reality, because observed species richness tend to increase for high values of IBMWP, RIF and FMA in each of the three rivers, and the observed richness decrease for low values of these variables. Fig. 7 illustrates the influence of the key environmental variables in predicting the richness of native fish in the model, as calculated using PaD sensitivity analysis. The positive values on the Y axis indicate a positive relationship between the input and output variable Fig. 2 . Main stem of the Júcar and Cabriel Rivers, with the weirs and small dams (triangles), the 2 sampling points in the segment of simulation where the effects of mitigation measures were simulated (fish symbol). The reference site of this ecotype is also indicated (Cabriel River).
(NFSR), and negative values represent a negative influence. The values of the partial derivatives of the NFSR relative to IBMWP, RIF, and FMA are mainly positive, as indicated by the lateral histograms in the figure. This means that an increase in one of the three variables leads to an increase in the NFSR in the study area.
The first step of the simulation indicated that elimination of the three weirs would result in a 37 km long reach free of barriers. The model predicted that an increase of NFSR from 1 to 3 species would occur in the two simulation sites. The increase in RIF (10, 20, 30, 40, and 50%) over the observed values at each site (35% and 27%) produced a progressive increase in the richness of native fish (Fig. 8) .
In the first simulation site it meant an increase of richness to a constant value of 5 species. In the second simulation site the richness increased progressively until it reached 4 native species. These values are very near or match the maximum NFSR evaluated in the reference site of this river ecotype (CMM).
Discussion
The ANN developed in this study, which predicted the NFSR based on seven environmental variables, performed well. The accuracy of the model is related to the ability of the ANN to represent the structure and non-linear processes found in nature (Drew et al., 2011) . The combination of techniques used during model development, such as the forward stepwise method to incorporate predictive variables , the testing of different numbers of neurons (hidden layer), the comparison between transfer functions, and the testing of different k values (from 3 to 10) in the k-fold cross-validation, supported the reliability and robustness of this ANN model. The final group of key variables, with ecological relevance and consequences for river restoration, was an important result of this research, as it is discussed below.
The most significant variables identified in this study (IBMWP, RIF, and FMA) are considered to be very important for the development of Mediterranean fish communities (Bernardo et al., 2003; GranadoLorencio, 1996 GranadoLorencio, , 2000 Oliva-Paterna et al., 2003) . Among these variables, water quality usually affects aquatic species at a larger scale compared to the other variables, and large-scale studies frequently find significant associations between fish communities and abiotic factors (Jackson et al., 2001 ). Many researchers have noted the importance of water chemistry, especially dissolved oxygen and pH, for aquatic communities (Jackson et al., 2001 ). However, none of these variables was selected for inclusion in the final model, and instead IBMWP was used as an integrative indicator of water quality. In Spain, this index has been widely used for evaluating water quality and for ecological monitoring (Carballo et al., 2009 ). We found that in the rivers being studied, the NFSR increases with the IBMWP (Fig. 7a) ; this result is consistent with results of other studies because the index is positively related to different aspects of the ecological status of rivers. For instance, in Iberian rivers Pardo et al. (2002) found a significant positive correlation between the IBMWP and the index of habitat diversity, and Benejam et al. (2010) reported that water pollution decreases the condition and fecundity of freshwater fish. Abiotic factors are also important; for example, water temperature can limit the range of species over a broad geographic scale (Shuter et al., 1980) , and it is a relevant factor at finer scales as well (e.g., Cunjak and Linnansaari, 2011; Grossman and Freeman, 1987) . This factor was integrated into the analysis as mean annual temperature, but it ultimately was not selected for inclusion in the model. This was the only robust variable that could be Fig. 3 . Representation of the hierarchical clustering using squared Spearman correlation (ρ 2 ) on the environmental variables, in order to indicate their similarities. Fig. 4 . Structure of the three-layered feed-forward artificial neural network with the best performance. Seven input nodes correspond to the independent environmental variables (QBR = riparian forest quality index, RIF = riffle proportion, CWB = channel length without artificial barriers, FIM = coefficient of variation of mean monthly flow, FMA = mean annual flow rate, DRA = drainage area and IBMWP index), six nodes constitutes the hidden layer and one output node shows the estimate of native fish richness. calculated from the available public data. However, the pattern of seasonal variations in temperature and the changes at the scale of hydromorphological units are affected by the proportions of habitats (e.g., riffles and pools), the presence of weirs or other obstacles, and tributaries, and we believe that this factor requires further research at smaller spatial and temporal scales.
The ANN model developed at the basin scale in this study is the first step needed to develop more complex simulations at different spatial and temporal scales and to assess the effects of water scarcity and global change on Mediterranean fish communities. In the Mediterranean, water scarcity is one of the consequences of global change (García-Ruiz et al., 2011) , and its potential effects on aquatic systems are an issue of major concern; for instance, the reduction of water quality may pose severe risks to ecosystem integrity (Petrovic et al., 2011) . One future step may be to develop another ANN to include as inputs the water quality variables available from the monitoring networks in order to investigate specifically the relationships between water quality and fish richness. To date, the absence of these variables in the final ANN model suggests a low sensitivity of richness to these variables individually or in combination in comparison with other environmental factors.
Although the currently available analytical methodologies can detect the majority of relevant pollutants at their environmental levels, their dynamic environmental fate and their negative effects on the ecosystem are still poorly understood (Petrovic et al., 2011) . Therefore, understanding the response of the biota to both water scarcity and poor water quality is a challenging topic of research (Barceló and Sabater, 2010) . In our opinion, the integration of "standard" parameters of water quality and emerging contaminants into fish distribution models is a feasible approach that might improve our understanding of the ecological responses and the effects of multiple stressors. In the regional context, the future development of richness models also should include analysis of ecological interactions at a time scale smaller than a month and incorporate parameters relevant to extreme hydrological events, such as floods and droughts. For instance, the low flows associated with water scarcity affect biogeochemical processes, decrease the dilution capacity of nutrient loads, and also decrease the natural ability of river biota to process sewage waters (Petrovic et al., 2011) . Spain is one of the first countries in terms of river regulation and large dams (WCD, 2000) , and downstream of the reservoirs the effects of drought on community composition and structure can be intensified as a result of the competition between human uses of water and environmental values (Boix et al., 2010) . Fig. 6 . Relative contribution of the environmental variables to the modelling of native fish richness, estimated by the partial derivative algorithm (PaD). The line represents the minimal significance level (15%) accordingly to Brosse (2003) . See codes of variables in Fig. 4 . Fig. 7 . Partial derivatives of the richness of native fish (NFSR) regarding IBMWP index, riffle proportion (RIF) and mean annual flow rate (FMA). In our model, the proportion of riffle habitat was the most important variable together with the IBMWP; the sensitivity analysis indicated that a positive relationship exists between RIF and the NFSR (Fig. 7b) . These results are in accordance with previous studies conducted in the Iberian Peninsula, which demonstrated that native cyprinid species prefer shallow riffles, slow runs, and deep pools, with higher probabilityof-use in riffles, compared to other habitats, whereas the exotic species prefer the pools (Bernardo et al., 2003) . The relevance of incorporating mesoscale analyses to interpret fish habitat use has been demonstrated in Mediterranean brown trout (Alcaraz-Hernández, 2011; Mouton et al., 2011) and Júcar nase (Costa et al., 2011) populations in Mediterranean rivers. The riffles are very important for fish reproduction; in the Júcar and Turia Rivers, gravel is the dominant substrate in riffles, and it is necessary for the spawning of lithophilic fish species such as the Iberian barbel and the Iberian chub (Doadrio, 2001) . The importance of gravel bars also has been demonstrated for other European species (e.g. barbel and dace) (Copp et al., 1991) . Another example is the European chub, which is considered to be a lithophilic species; it selects spawning sites with a water depth between 0.1 and 0.3 m, a stream velocity of 0.15-0.7 m·s
, and a gravely substratum with grain size>5 mm (Fredrich et al., 2003) .
Regarding the physical characteristics of riffles, in this study we defined them as shallow water with ripples on the surface, an average water velocity b 0.4 m·s −1 , nearly symmetrical cross-sections, and a mean depth similar in magnitude to the mean substrate size (Alcaraz-Hernández, 2011). Riffles are also important for recruitment and serve as important nursery habitats (Baras et al., 1996) . The young of the year of some cyprinid fish species select microhabitats characterised by shallow water with low velocity (Copp, 1997; Lamouroux et al., 1999; Martínez-Capel and Garcia de Jalón, 1999) , which partially corresponds to riffles. The small fish prefer riffles because they provide suitable shelter from predators as well as food availability (Ilhéu et al., 1999) . Concerning salmonid species, Alcaraz-Hernández (2011) found a significant correlation between the density of small trout (age 0 + and 1 +) and the proportion of medium substrate, which is the most abundant substrate in the riffles of four Mediterranean trout rivers. One limitation in our study was the lack of a hydraulic model calibrated in the target river segment, which might provide estimations of habitat change after the dam removal, in terms of depth and velocity (e.g. Fjeldstad et al., 2012) ; in spite of the short-term improvement in the hydraulic conditions, the old gravel and cobbles are now under a layer of silt, and the recovery of the area for spawning would require longer periods and suitable river flows. The hydraulic simulation could be carried out with a 1-dimentional standard model, but the application of 2D/3D models is well suited for analyses of changes after habitat rehabilitation (Alfredsen et al., 2004) , as it was proven in previous studies (García de Jalón and Gortázar, 2007) . In the case of these old weirs in the Júcar River, where the habitats are very affected by sedimentation, the composition of the sediments can be very relevant, as well as the changes in water quality after rehabilitation; in the Júcar river there is a water quality model calibrated at the large scale, GESCAL (Paredes-Arquiola et al., 2010) , however its application at small scale in this case requires further technical work.
The results of PaD analysis highlighted the importance of the mean annual flow, a key variable for river habitats that greatly influences the organisation of aquatic communities (Walker and Thoms, 1993; Welcomme, 1980) . The magnitude of monthly and annual flows, as well as their variability and rate of change, is presumably important for the maintenance and regeneration of riverine habitats and native biological diversity (Richter et al., 1997) . Specifically, Mediterranean fish species have developed optimal adaptive strategies for their survival in changing environments (Granado-Lorencio, 1996) ; these strategies include a short life span, rapid growth rate, high fecundity, early sexual maturity and spawning, and generalist and opportunistic feeding strategies (Ferreira et al., 2007; Granado-Lorencio, 2000; Vila-Gispert et al., 2002) . Previous studies demonstrated that mean annual flow is a critical variable in the classification of Mediterranean rivers, thus in the interpretation of the spatial patterns of the aquatic Mediterranean communities; mean annual discharge, percentage of months with zero flow and coefficient of variation in mean annual flows represent the major gradients of variation in the Mediterranean flow regimes (Belmar et al., 2011) .
The magnitude of mean flows and other flow regime parameters are expected to change with the climate in the Iberian Peninsula (CEDEX, 2011) , and this in turn will affect the distribution patterns of the biological communities. For river management, it is very important to anticipate future trajectories of change and identify alternative future trajectories as a basis for adaptive management and river restoration (Gregory, 2008) . To evaluate whether changes would produce drawbacks or retrogression in fish diversity after restoration actions, we estimated the potential effect of a reduction in the FMA in the target segment, assuming that other relevant variables would remain the same. The last report on climate change in Spain estimated a 10-25% reduction of FMA in the Júcar River Basin (CEDEX, 2011) . Based on the optimal situation after improvements in connectivity and riffle proportion, the FMA input was reduced by 10, 20, and 25%. The outputs of the model indicated that the NFSR would be reduced from 4 to 3 and from 5 to 3 in the study sites. Although this is a coarse estimation of the potential effect of reduced FMA, it is indicative of the importance of a proactive attitude toward river restoration, especially considering that efforts to improve fish communities can be overwhelmed by global change if there are no other measures of compensation. In general, in the future we can expect lower available discharges from dams to meet water demands, thus it is very important to adapt the actual water management strategies to address correctly the consequences of global change (García-Ruiz et al., 2011) .
In Mediterranean rivers, the hydrological alteration that occurs below dams is usually very relevant in magnitude; in many rivers, regulated flow regimes now present maximums in summer and minimums in winter, with droughts becoming more frequent and long lasting (Belmar et al., 2010; Vidal-Abarca et al., 2002) . Management decisions must be made to handle the intense competition between humans and fish for the fresh water supply (Moyle, 1995) , keeping in mind that flow diversion is one of the most important factors affecting the potential extinction of fish in Mediterranean rivers (Smith and Darwall, 2006) . Because of the intense flow regulation in the Júcar, Cabriel, and Turia Rivers, it is necessary to implement suitable environmental flows that imitate the natural pattern and variability of the natural flow regime, with minimum flows in summer and hydrological events during the rainfall seasons (Arthington et al., 2006) , in order to promote the integrity and sustainability of the freshwater ecosystems. Existing water diversions have led to the replacement of lotic habitats by lentic habitats, which in turn has caused loss of the majority of distinctive fish associations in Mediterranean rivers; these associations have been replaced by other communities adapted to the new ecological conditions (Granado-Lorencio, 1996) . Thus, implementation of environmental flow regimes in river restoration is an essential mitigation measure for improving the ecological status of the rivers (sensu the WFD).
Although mean annual flow was analysed in this study, it is necessary to emphasise that environmental flow regimes cannot be defined solely in terms of mean monthly or mean annual flows because flow variability is crucial for the maintenance of native communities. Overall, maintenance of natural flow variability is an important principle for riverine ecosystem protection and restoration (Jowett and Biggs, 2009; Poff et al., 2010) . In this study, one of the limitations in the data was the monthly time scale of the flow rate and the derived variables; other indicators of the hydrological regime (e.g., the ramping rate during peak flows and duration of floods and droughts) can provide relevant ecological information, but they could not be robustly estimated using monthly flow data. Therefore, the ANN model developed herein is the first step in approaching more complex simulations at smaller time scales (e.g., based on daily flow data). Although daily flow data are not yet available for the 90 sampling sites, a new model could be developed with a smaller database consisting of daily flow data and indicators of hydrological alteration (Richter et al., 1997) . The ANN at the basin scale then could be compared or validated over smaller temporal and spatial scales, and the effects of water scarcity could be estimated with higher reliability. Despite the inconvenience of having only monthly data, this ANN model may be useful for environmental flow assessments because it is a model of ecological response to habitat and hydrological changes. In general, this model can be viewed as a hydromorphological model for predicting NFSR at the basin scale because it relates hydromorphological variables to the fish communities. Therefore, this model may be integrated in methodological frameworks of environmental flows, e.g., in the IFIM (Instream Flow Incremental methodology, Bovee et al., 1988) , Eloha (Poff et al., 2010) , and other recent approaches at the basin scale (ParedesArquiola et al., in press).
The simulation in the Júcar River indicated that richness increases with CWB and RIF (Fig. 8 ), which agrees with results of the PaD sensitivity analysis (Fig. 7b) . These results also agree with those from previous studies in the Iberian Peninsula. For example, Alexandre and Almeida (2010) observed that fish richness was higher at the sites where direct influence of artificial transverse barriers was smaller. Barriers, weirs, or dams disrupt the longitudinal continuity of the river flow and sediments and make the migratory movements of fish difficult or impossible (Meixler et al., 2009 ). The construction of dams and flow regulation have also created favourable conditions for invasive fish species (Corbacho and Sánchez, 2001; Poulet, 2007; Vila-Gispert et al., 2005) and are considered to be a major factor in the dramatic reduction of native rheophilic species, which depend on riffles for reproduction . Poor river connectivity has been identified as one of the main causes of declines in many continental Iberian fish species (Casals, 2005; Lucas and Baras, 2001; Santo, 2005) and European species (Kroes et al., 2006; Marmulla, 2001) . Juvenile cyprinids may be especially vulnerable to barriers and other local alterations; thus, maintaining connectivity and local habitat quality are extremely important for supporting native fish populations (Santos et al., 2011) . Accordingly, the WFD requires effective passage and undisturbed migration of fish as a key component to restore and manage watersheds (European Commission, 2000) . In this study, the proposal for removing weirs is based on the current knowledge of the river reaches, which contain abandoned and obsolete structures whose water rights are not in use. Weir removal and the legal process of water rights cessation are important tools for river restoration at the basin scale, and they should be widely applied to improve the status of Mediterranean aquatic communities.
In the segment of simulation the potential fish community after the mitigation measures could be assessed, as follows. The only native species actually in that segment is L. guiraonis. In the Júcar River between the two large reservoirs of Alarcón and Cortes (see Fig. 1 ), other native species (I. alburnoides, C. paludica, S. pyrenaicus and A. anguilla) can be found; thus, these would be the most probable species to colonise the segment. The reference site of the ecotype (MCM) is in the Cabriel River, with a potential connectivity to the target segment through a large reservoir; however, obstacles are present that block this connectivity and make it impassable for fish, especially in the Júcar River. Other species that potentially would colonise the target segment from the Cabriel River are A. anguilla, S. fluviatilis, and P. arrigonis. Therefore, the removal of weirs could improve the situation for two critically endangered fish species and contribute to meeting the European Recovery Plan for the Eel (Regulation 1100 (Regulation /2007 European Commission, 2007) . River longitudinal connectivity is also extremely important for maintaining the conservation status of many freshwater species included in the Nature 2000 Network (Habitats Directive 92/43/EEC; European Commission, 1992), as was highlighted in previous studies (Ordeix et al., 2011) . Considering the maximum value of NFSR =5 obtained by modelling, this is the maximum potential value according to the reference site, in the case that the proportion of riffles could reach the percentages specified (Fig. 8) . However, the gradient of the river channel could limit the final result of the mitigation measures in some river reaches in terms of the RIF. In the reference sites of the Júcar River Basin, 70% was the highest recorded riffle percentage; thus, according to the simulation, the maximum richness we could expect would be between 4 and 5 in the best situation.
One of the limitations of the ANN model is that this maximum of 5 fish species was estimated based in the input variables of the model without consideration of the environmental conditions (i.e., upstream and downstream) around the target segment. Therefore, due to the lack of river connectivity with other segments with higher diversity, more actions would be necessary to reach such a value of 5; these actions may include the removal of other barriers and/or the allocation of fish by the responsible administration. Another limitation of the study is that we did not consider the biological interactions (e.g., food availability and inter-species competition). The target segment contained four exotic species of fish (Gobio gobio, Alburnus alburnus, Lepomis gibbosus, and Micropterus salmoides), which could interfere with the recovery of the NFSR because they can compete with or predate on the native fish. The importance of habitat and exotic species for the recovery of native populations is undoubtedly an important issue that must be considered in these Mediterranean rivers.
The final ANN model combines variables describing physical habitat and water quality, and it contributes to identifying the primary drivers of the NFSR patterns in Mediterranean rivers; additionally, consideration of variables associated with different spatial scales provides a high potential for model transferability (Leftwich et al., 1997) to other rivers and basins. Once the importance of longitudinal connectivity and riffle proportion for the NFSR has been demonstrated, these variables should be considered in river restoration strategies and projects. Therefore, the model and the results described herein may support technical decisions for the management and ecological restoration of Mediterranean rivers.
